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ABSTRACT Mycobacterium abscessus is a highly antibiotic-resistant opportunistic
pathogen causing clinically challenging infections in patients with preexisting
lung diseases or under immunosuppression. Hence, reliable antibiotic susceptibil-
ity data are required for effective treatment. Aims of this study were to investi-
gate (i) the congruence of genotypic and phenotypic antimicrobial susceptibility
testing, (ii) the relationship between resistance profile and clinical course, and
(iii) the phylogenetic relations of M. abscessus in a German patient cohort. A to-
tal of 39 isolates from 29 patients infected or colonized with M. abscessus under-
went genotypic and phenotypic drug susceptibility testing. Clinical data were
correlated with susceptibility data. Phylogenetic analysis was performed by
means of whole-genome sequencing (WGS) and single-nucleotide polymorphism
(SNP) analysis. Macrolide resistance was mainly mediated by functional Erm(41)
methyltransferases (T28 sequevars) in M. abscessus subsp. abscessus (n � 25) and
M. abscessus subsp. bolletii (n � 2). It was significantly associated with impaired
culture conversion (P � 0.02). According to the core SNP phylogeny, we identi-
fied three clusters of closely related isolates with SNP distances below 25. Repre-
sentatives of all circulating global clones (Absc. 1, Absc. 2, and Mass. 1) were
identified in our cohort. However, we could not determine evidence for in-
hospital interhuman transmission from clinical data. In our patient cohort, we
identified three M. abscessus clusters with closely related isolates and representa-
tives of the previously described international clusters but no human-to-human
in-hospital transmission. Macrolide and aminoglycoside susceptibility data are
critical for therapeutic decision-making in M. abscessus infections.
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Mycobacterium abscessus is a highly drug-resistant, rapidly growing nontuberculous
mycobacterium (RGM and NTM) (1). It mainly causes pulmonary infections in

patients with predisposing lung diseases, such as cystic fibrosis (CF) or non-CF bron-
chiectasis (2), but has also played an important role in soft-tissue infections in immu-
nocompromised hosts or following surgical procedures (3–7). Recently, we and others
have shown that the species consists of three distinct subspecies, namely, M. abscessus
subsp. abscessus, M. abscessus subsp. massiliense, and M. abscessus subsp. bolletii (8).

Treatment of infections with M. abscessus remains highly difficult, as it is inherently
resistant to several antibiotics by various mechanisms, including impermeability of the
cell wall and antibiotic-modifying enzymes (9). In addition, there is a lack of treatment
studies correlating in vitro susceptibility patterns with clinical outcome (1). For CF
patients, M. abscessus infection is of high clinical impact, as in several centers it is
considered a contraindication for lung transplantation and has been shown to be
associated with a decline in pulmonary function and clinical deterioration (10).

Constitutional macrolide resistance is conferred by mutations in the rrl gene, whereas
inducible resistance is mediated by the erm(41) gene, which codes for an erythromycin
resistance methyltransferase that modifies the bacterial 23S rRNA target, resulting in
high-level macrolide resistance (11). The erm(41) gene is truncated and, therefore, is
nonfunctional in M. abscessus subsp. massiliense but usually is fully functional in M.
abscessus subsp. abscessus or M. abscessus subsp. bolletii. High-level resistance to aminogly-
coside antibiotics is conferred mainly by mutations in the rrs gene (12).

As the three resistance mechanisms are well characterized, molecular assays (Genotype
NTM-DR; Hain Lifesciences, Nehren Germany) are available that allow for their rapid
detection within a workday, thereby improving the workflow for clinical decision making
(13).

M. abscessus has been suspected to be involved in interhuman transmission in CF
patients, suggesting the global spread of isolates of particular clones (14–17). So far,
this human-to-human as well as global spread remains controversial, as a route of
transmission could not be identified, and those findings were mainly based on phylo-
genetic core genome analyses (18, 19). Until now, data from a German cohort have not
been available.

To shed further light on M. abscessus antimicrobial resistance determinants, clinical
characteristics, and population dynamics, we investigated (i) the congruence of genotypic
and phenotypic antimicrobial susceptibility testing for macrolides and aminoglycosides, (ii)
the relationship between resistance profile and clinical course, and (iii) the phylogenetic
relations of 39 M. abscessus isolates from a cohort of 29 patients in a global context.

MATERIALS AND METHODS
Bacterial isolates. For this study, 39 isolates from 29 patients were recovered from 2006 to 2018.

They were cultured on Middlebrook 7H10 agar with oleic albumin dextrose catalase (Becton, Dickinson,
Heidelberg, Germany) at 37°C until visible growth could be detected.

pDST. For phenotypic drug susceptibility testing (pDST), all isolates were tested in the Sensititre
RAPMYCO broth microdilution assay (Thermo Fisher Scientific, Waltham, MA) as recommended by the
manufacturer. MICs were interpreted according to CLSI guidelines (20). Incubation was conducted at
30°C for 3 to 5 days for all antibiotics. If no resistance to clarithromycin was detected within that time,
a total incubation period of 14 days was used to detect inducible resistance. Plates were read on days 3,
4, 5, 7, and 14. The first day with sufficient growth in the control well was chosen for MIC determination.
Mycobacterium peregrinum ATCC 700686 was used as a quality control.

The assay includes, among others, the following antibiotic agents (abbreviation and ranges are in
parentheses; antibiotics with available CLSI breakpoints are marked with an asterisk): clarithromycin
(CLA*; 0.06 to 16 �g/ml), amikacin (AMI*; 1 to 64 �g/ml), moxifloxacin (MXF*; 0.25 to 8 �g/ml), cipro-
floxacin (CIP*; 0.12 to 4 �g/ml), linezolid (LZD*; 1 to 32 �g/ml), cefoxitin (FOX*; 4 to 128 �g/ml), imipenem
(IMI*; 2 to 64 �g/ml), trimethoprim-sulfamethoxazole (SXT*; 0.25/4.75 to 8/152 �g/ml), doxycycline
(DOX*; 0.12 to 16 �g/ml), tigecycline (TGC; 0.015 to 4 �g/ml), and minocycline (MIN; 0.25 to 8 �g/ml).

gDST. For genotypic drug susceptibility testing (gDST), DNA from all isolates was extracted using the
Hain Genolyse kit (Hain Lifescience, Nehren, Germany) (21). DNA samples underwent a PCR program with
primers provided by Genotype NTM-DR (Hain Lifescience, Nehren, Germany), and amplicons were then
applied to the DNA strip test, as recommended by the manufacturer (13). The assay allows for
differentiation of seven nontuberculous mycobacterial species and subspecies (M. avium, M. chimera, M.
intracellulare, M. abscessus subsp. abscessus, M. abscessus subsp. bolletii, M. abscessus subsp. massiliense,
and M. chelonae) as well as the detection of inducible macrolide resistance [erm(41), C28T], inherent
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macrolide resistance (rrl gene, A2058C, A2058G, A2058T, A2059C, A2059G, and A2059T), and constitu-
tional aminoglycoside resistance (rrs gene, A1408G, T1406A, and C1409T).

Clinical data and statistical analysis. This study was approved by our local ethics committee under
file number 386/18. Patient data were retrieved by retrospective chart review, collected in Libre Office
Calc (The Document Foundation), and analyzed in R (22). All graphs were drawn using the ggplot package
(23).

Mortality and culture conversion analyses were conducted by Cox regression within R’s survival and
survminer packages (24, 25). Significance tests were performed using the log-rank test. To evaluate other
clinical parameters, lung functions lying within temporal proximity to the first isolation of M. abscessus
were analyzed (vital capacity, VC, and forced expiratory volume in 1 s, FEV1). For nonnormally distributed
continuous data, significance tests were conducted using the Wilcoxon-Mann-Whitney test, and for
categorical variables, tests were conducted using the Fisher exact test. All tests were performed
two-sided at a significance level of alpha � 0.05.

Whole-genome sequencing (WGS). Cetyltrimethylammonium bromide (CTAB)-chloroform DNA
extraction was performed as previously described (26). Briefly, cells from solid cultures were dissolved in
400 �l of Tris-EDTA (TE) buffer and heat inactivated for 20 min at 80°C. Fifty microliters of 10-mg/ml
lysozyme was added and incubated at 37°C for at least 1 h, and then 75 �l of proteinase K, sodium
dodecyl sulfate, and 100 �l 5 M NaCl plus 100 �l CTAB-NaCl were added, each followed by 10 min of
incubation at 65°C. Chloroform-isoamyl alcohol was used for DNA extraction. Supernatant was trans-
ferred into a fresh tube with 450 �l of isopropanol. After incubation for at least 30 min at –20°C, the
sample was centrifuged and the precipitate was washed with 70% ethanol. Finally, the pellet was dried
for 20 min at 60°C and DNA dissolved in 80 �l of TE buffer.

From extracted genomic DNA, next-generation sequencing libraries were generated using a modified
Illumina Nextera library kit protocol (27), and libraries were sequenced in a 2� 150-bp paired-end run on
the Illumina NextSeq 500 instrument (Illumina, San Diego, CA, USA).

Sequence data and network analysis. Sequence quality and GC content of obtained sequence data
were assessed using fastQC (Babraham Bioinformatics, Cambridge, United Kingdom). The prediction of
macrolide and aminoglycoside resistance was performed using the mab-ariba database by Lipworth et
al., with the addition of rrs gene mutations to detect aminoglycoside resistance (28).

For phylogenetic analysis, sequence data in the form of fastq files were processed by the MTBseq
pipeline with default settings using the type strain M. abscessus subsp. abscessus ATCC 19977 as a
reference genome (GenBank accession number NC_010397.1), yielding aligned core single-nucleotide
polymorphism (SNP) positions, a respective pairwise SNP distance matrix, and groups of isolates
determined by single linkage clustering (29).

For the detailed cluster analysis, a whole-genome de novo assembly was generated with SPAdes v.
3.11.1 for one isolate of the cluster (30), which was then used as the reference genome for the MTBseq
analysis of the cluster members.

From concatenated SNP positions, phylogenetic trees were calculated with RaxML v. 8.2.12 with 100
bootstraps and GTRGAMMA as a substitution model (31). Those trees were midpoint rooted with the
phangorn package v. 2.5.5 (32), visualized, and annotated with ggtree (33).

Patient hospital interaction was classified into four categories: (i) no documented interaction, (ii)
same hometown, (iii) same day of hospital visit, and (iv) same day at the same ward/outpatient clinic.
Patient visits and hospital stays were withdrawn from our local patient information system with a python
script, and all patient-to-patient combinations (n � 409) were compared for the possibility of overlaps in
hospital visits in R (22).

Data availability. Sequences determined in the course of this work were deposited in the European
Nucleotide Archive (ENA) (see Table S1 in the supplemental material).

RESULTS
Patient characteristics. In total, 39 isolates from 29 patients were included in this

study (29 primary and 10 follow-up isolates from 10 patients dating from 2006 to 2018).
The majority of patients suffered from CF (n � 21) followed by other structural lung
diseases (n � 3), no apparent predisposition (n � 2), HIV, malignoma, and immunosup-
pression after solid-organ transplantation (one patient each) (Tables 1 and 2). Isolates
of M. abscessus subsp. abscessus and M. abscessus subsp. massiliense were recovered
from respiratory specimens only, whereas a single case of lymphadenitis due to M.
abscessus subsp. bolletii was included. Median age was 29.9 years (interquartile range
[IQR], 18.7 years). Eighteen out of 29 primary isolates showed smooth-colony morphol-
ogy, whereas 11 had a rough-colony morphotype. Twenty-seven patients were German,
living within a 95-km radius around our tertiary care center, whereas one patient was
from Croatia and one from Russia.

Phenotypic and genotypic drug susceptibility testing. Thirty-one percent of the
primary isolates were macrolide susceptible (confidence interval [CI], 16.0% to 51.0%;
n � 9), whereas 69% (49.0% to 84.0%; n � 20) showed phenotypic resistance (Table 3).
All M. abscessus subsp. abscessus and M. abscessus subsp. bolletii isolates were resistant
to macrolides (n � 19). In contrast, this was the case for only one M. abscessus subsp.
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massiliense isolate, in which we could detect an rrl mutation. Aminoglycoside resistance
was a rare event in this cohort, with only the first isolate being resistant to amikacin due
to a mutation in the rrs gene (M. abscessus subsp. abscessus).

To assess the congruence between genotypic and phenotypic antimicrobial suscep-
tibility for macrolides and aminoglycosides, primary and follow-up isolates from the
same patients were included in the analysis (n � 39). The Genotype NTM-DR and the
Mab-ariba prediction from whole-genome data of macrolide and aminoglycoside re-
sistance confirmed pDST results in all cases, but in one patient with aminoglycoside
resistance both the resistant and susceptible haplotype of the rrs gene were detected,
indicating the possibility of a resistant subpopulation within this patient (Fig. 1; see also
Table S2 in the supplemental material). Sensitivity and specificity using pDST as a gold
standard were 100% for both methods.

TABLE 1 Baseline characteristics of patients included into this study: categorical variablesa

(n � 29)

Categorical variable

All patients
(n � 29)

Macrolide susceptibility

P value

Susceptible
(n � 9)

Resistant
(n � 20)

n % n % n %

Gender
Male 13 44.8 6 66.7 7 35.0 0.2256
Female 16 55.2 3 33.3 13 65.0

M. abscessus subsp.
abscessus 17 58.6 0 0.0 17 85.0 <0.001
massiliense 10 34.5 9 100.0 1 5.0 <0.001
bolletii 2 6.9 0 0.0 2 10.0 1

Morphology
Smooth 18 62.1 7 77.8 9 45.0 0.1296
Rough 11 37.9 2 22.2 11 55.0

Manifestation
NTM-PD/colonization 28 96.6 9 100.0 19 95.0 1
ATS criteria fullfilled 20 71.4 5 55.6 15 78.9 0.3715
Lymphadenitis 1 3.4 0 0.0 1 5.0

Disposition
CF 21 72.4 6 66.7 15 75.0 0.6749
HIV 1 3.4 0 0.0 1 5.0
SLD 3 10.3 0 0.0 3 15.0
Lung transplantation 1 3.4 1 11.1 0 0.0
Malignoma 1 3.4 1 11.1 0 0.0
None 2 6.9 1 11.1 1 5.0

aM. abscessus subsp. abscessus was the most frequent subspecies. All isolates except one originated from
pulmonary samples. NTM-PD, NTM pulmonary disease; ATS, American Thoracic Society; CF, cystic fibrosis;
HIV, human immunodeficiency virus; SLD, structural lung disease. P values in boldface are those that
reached the significance level of � � 0.05.

TABLE 2 Baseline characteristics of patients included in this study: continuous variablesa

Continuous variable

All patients

Macrolide susceptibility

P value

Susceptible Resistant

Median IQR Median IQR Median IQR

Age (yr) 29.9 18.7 36.4 29.4 29.9 14.15 0.8849
Observation time (days) 1,366 1,719 1,366 1,107 1,614.5 2,276 0.6268
Lung function at baseline (%)

VC 76.6 24.6 91.3 11.7 68.4 20.1 0.01499
FEV1 62.8 27.3 73.7 11.7 59.4 27.1 0.09108

aVital capacity (VC) was significantly lower in patients with macrolide-resistant isolates (n � 20, one of those
with an rrl mutation). FEV1, forced expiratory volume in one second; IQR, interquartile range. The P value in
boldface is that which reached the significance level of � � 0.05
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No acquisition of macrolide or aminoglycoside resistance was observed in longitu-
dinal isolates from individual patients, except for strain mabs17_2, where aminoglyco-
side resistance due to an rrs mutation was detected in an isolate that was cultivated
958 days after the first isolate. The patient had received aminoglycoside treatment in
the meantime (4 weeks of gentamicin). The core SNP distance between those two isolates
was 11 SNPs, rendering reinfection as the cause for the advent of resistance unlikely.

Correlation of clinical parameters and antibiotic susceptibility. Between
macrolide-resistant and macrolide-susceptible M. abscessus isolates, no significant dif-
ference in 5-year mortality was found (P � 0.66) (Fig. 2). Nevertheless, VC was signifi-
cantly lower in patients who were infected or colonized with a macrolide-resistant M.
abscessus isolate (68.4% versus 91.3%; P � 0.02). There was no significant difference in
FEV1, but a trend toward lower FEV1s in patients with macrolide-resistant M. abscessus
isolates (59.4% versus 73.7%; P � 0.09) was observed.

Culture conversion was significantly more frequently reached in patients infected
with a macrolide-susceptible isolate (P � 0.02). Cox regression showed no significant
relationships between culture conversion and drug susceptibility to other antimyco-
bacterial agents.

Phylogenetic analysis. For comparison in an international context, we used all
isolates from our cohort (n � 39) and 10 genome sequences of different patient isolates
from each of the international described complexes, Absc. 1, Absc. 2, and Mass. 1, as
well as 10 unclustered isolates of M. abscessus subsp. abscessus and M. abscessus subsp.
massiliense from Bryant et al., which were randomly chosen (ENA accession code
ERP001039) (14, 15).

Analysis of this combined set of 89 isolates revealed two peaks in the pairwise SNP
distance distribution, one below 25 and one below 125 SNPs (Fig. 3). Therefore, we
chose 25 and 125 SNPs as thresholds for single linkage clustering, where SNP dis-
tances of �25 were considered indicative of recent close relationship (d25 clusters) and
SNP distances of �125 indicated a closer genetic relation than the background diversity
(d125 complexes). Intrapersonal isolates showed significantly smaller SNP distances
than interpersonal isolates from d25 clusters (median of 2.5 versus 13 core genome
SNPs; P � 0.01).

A phylogenetic tree was built, using one isolate per patient from our cohort (n � 29)
and the 50 isolates from Bryant et al. as mentioned above. We identified four d125
complexes (2 in M. abscessus subsp. abscessus, 2 in M. abscessus subsp. massiliense) (Fig.
4). The first consisted of the 10 isolates from the international complex Absc. 1 and
seven of our patients (mabs_d125_complex1), the second consisted of isolates from the
international complex Absc. 2 and four of our patients (mabs_d125_complex2), the third
consisted of isolates from the international complex Mass. 1 and one of our patients
(mmas_d125_complex1), and, finally, the mmas_d125_complex2 was built from one

TABLE 3 MIC50, MIC90, range, and susceptibility of isolates for all antibiotics, measured in our base cohort, excluding follow-up isolatesa

(n � 29)

Antibiotic agent MIC50 (mg/ml) MIC90 (mg/ml) Range (mg/ml)

S I R

n % n % n %

CLA �16 �16 0.06 to �16 9 31.0 0 0.0 20 69.0
AMI 8 16 2 to �64 27 93.1 1 3.4 1 3.4
FOX 32 128 3–128 3 10.3 22 75.9 4 13.8
IMI 16 32 4 to �64 2 6.9 19 65.5 8 27.6
MXF 8 �8 2 to �8 0 0.0 3 10.3 26 89.7
SXT �8 �8 0.25 to �8 5 17.2 0 0.0 24 82.8
LZD 8 16 1 to �32 18 62.1 9 31.0 2 6.9
CIP 4 �4 2 to �4 0 0.0 3 10.3 26 89.7
DOX �16 �16 0.25 to �16 1 3.4 1 3.4 27 93.1
MIN 16 16 1 to �8
TGC 0.5 0.5 0.25–1
aS, susceptible; R, resistant; I, intermediate; CLA, clarithromycin; AMI, amikacin; FOX, cefoxitin; IMI, imipenem; MXF, moxifloxacin; SXT, trimethoprim-sulfamethoxazole;
LZD, linezolid; CIP, ciprofloxacin; DOX, doxyxycline; MIN, minocycline; TGC, tigecycline; TOB, tobramycin.
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international isolate and two from our patients. In total, representatives of all three
dominant circulating clones were found in our cohort (Absc. 1, Absc. 2, and Mass. 1).

Within these d125 complexes, there were three M. abscessus subsp. abscessus
clusters and three M. abscessus subsp. massiliense clusters with SNP distances of �25.
Three of those contained isolates of patients from our center (mabs_d25_cluster_1,
mabs_d25_cluster_2, and mmas_d25_cluster_1).

In the cluster analysis, discrimination resolution could be increased (Table S3 and
Fig. S1). Overall, SNP distances increased with a median of 14 SNPs (minimum, 1 SNP;
maximum, 44 SNPs) and a ratio of 1.59. Interestingly, in M. abscessus subsp. abscessus
the SNP ratio was lower than that in M. abscessus subsp. massiliense (1.49 versus 2.36;
P � 0.0001). In all clusters, more than 99% of the corresponding reference genomes
were used for cluster SNP analysis (Table S3).

FIG 1 Phylogenetic core genome tree with all isolates from our cohort (n � 39), heatmap of present or absent resistance genes for macrolide resistance
(gDSTM), pDST results for clarithromycin (pDSTM), heatmap of gDST results for aminoglycosides (gDSTA), and pDST results for amikacin (pDSTA). Macrolide
resistance was due mainly to functional erm(41) genes in M. abscessus subsp. abscessus. One rrl mutation could be found in an M. abscessus subsp. massiliense
isolate. Two isolates showed mutations in the rrs gene and accordingly high MICs in amikacin. All predicted resistance levels by gDST (NTM-DR and WGS) were
confirmed by pDST. Vertical lines in pDST panels depict breakpoints, as given by the CLSI. mabs, M. abscessus subsp. abscessus; mmas, M. abcsessus subsp.
massiliense; mbol, M. abscessus subsp. bolletii. The tree scale depicts SNPs/site.

Wetzstein et al. Journal of Clinical Microbiology

December 2020 Volume 58 Issue 12 e01813-20 jcm.asm.org 6

https://jcm.asm.org


Network analysis. In total, the 29 patients attended 2,412 appointments and 96
stays in the hospital from June 2002 to October 2018 in our tertiary care center (Fig. 5).
For 406 possible patient-to-patient combinations, 2,931,370 date-to-date combinations
were analyzed. Out of those, 812 occasions on which patients attended our clinics on
the same day (98 patient-to-patient combinations) were identified. After manual con-
trol of the results, 181 events in which patients were in the same ward or outpatient
clinic on the same day remained (84 patient-to-patient combinations).

Interestingly, within the two clusters of patients containing more than one patient
from our center (mabs_d25_cluster_1, mabs2, mabs5, and mabs11; mabs_d25_cluster_2,
mabs3, mabs6, and mabs8), we did not identify concurrent hospital visits before the
cultivation of the respective isolates (Fig. 5, red squares). Notably, in mabs_d25_cluster1
was a non-CF patient from Russia who supposedly had no social contacts with the other

FIG 2 (A) Kaplan-Meier curve showing mortality within the cohort differentiated by macrolide susceptibility in M. abscessus
isolates. Mortality did not differ within the cohort (P � 0.66). (B) Kaplan-Meier curve showing culture conversion differentiated
by macrolide susceptibility. Patients with macrolide-susceptible M. abscessus isolates did reach culture conversion significantly
more often (P � 0.016). (C) Comparison of vital capacity in patients with macrolide-susceptible and -resistant isolates. Vital
capacity was significantly impaired in patients with macrolide-resistant isolates (P � 0.015). (D) Comparison of FEV1 in patients
with macrolide-susceptible and -resistant isolates. Here, differences were nonsignificant (P � 0.091).
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patients. In addition, we presume that our patients in d25 clusters never met the other
patients within those international clusters.

DISCUSSION

In this study, the prediction of macrolide and aminoglycoside susceptibility by both
the Genotype NTM-DR line probe assay and the mab-ariba WGS-based analysis was in
full agreement with phenotypic testing methods. All mutations detected by the Ge-
notype NTM-DR could be confirmed by WGS analysis. Therefore, we deem both
methods viable options to infer resistance for those two antibiotic groups.

Even in our cohort with restricted case numbers, we could demonstrate a significant
effect of macrolide resistance on culture conversion. Patients with macrolide-resistant
isolates reached culture conversion less frequently than those with macrolide-
susceptible isolates. This is consistent with similar studies from the past where signif-
icant differences in culture conversion between M. abscessus subsp. abscessus and M.
abscessus subsp. massiliense were shown. Those were considered to be most likely
related to macrolide resistance (34), as M. abscessus subsp. massiliense isolates are
usually macrolide susceptible due to their truncated erm(41) gene.

One patient developed aminoglycoside resistance during the course of treatment,
while the serial isolates showed little variation with regard to SNP analysis. This
suggests the development of an rrs mutation leading to aminoglycoside resistance
within the same bacterial population rather than reinfection with a new isolate. In total,
we could not demonstrate reinfection in any of the 10 patients with a follow-up isolate.
Thus, the M. abscessus population within one patient seems to be stable. On the other
hand, in patients colonized by or infected with M. avium complex, reinfection was
shown to be a frequent event (35, 36).

When analyzing the set of patient isolates together with representative data from a
recent international study (14, 15), we detected four groups of related isolates (d125

FIG 3 (A and B) Histograms of pairwise SNP distance distribution in 89 isolates. Only pairwise SNP distances
within a subspecies are shown. (A) All SNP distances. (B) Zoomed-out view of pairwise SNP distances between
0 and 150 SNPs. Horizontal lines mark 25 and 125 SNPs. (C) Box plot of pairwise SNP distances in intrapersonal
isolates compared to interpersonal pairwise SNP distances within d25 clusters.

Wetzstein et al. Journal of Clinical Microbiology

December 2020 Volume 58 Issue 12 e01813-20 jcm.asm.org 8

https://jcm.asm.org


complexes). Three of these correlate with the previously described dominant interna-
tionally circulating clones (Absc. 1, Absc. 2, and Mass. 1), with one additional d125
complex detected. Strikingly, all four d125 complexes contain isolates from our patients
and from the international study. Whether the existence of those d125 complexes is
caused by a global spread of dominant circulating clones, for example, via inanimate
surfaces or liquids, or is inherent to the genomic structure of M. abscessus remains
unclear. It is, however, quite intriguing to find representatives of all three previously
described international complexes in our study collection.

Using a threshold of 25 SNPs, we identified six clusters of very closely related

FIG 4 Phylogenetic trees depicting 29 isolates from different patients in our cohort and 50 from Bryant et al. (14, 15). (A) Phylogenetic tree of M. abscessus subsp.
abscessus isolates. Two d125 complexes with representatives of the international clusters Absc. 1 and Absc. 2 were identified. Within those, we found three d25
clusters. (B) Phylogenetic tree of M. abscessus subsp. massiliense isolates. Two d125 complexes could be identified as well, with one formed by the international
Mass. 1 cluster and one of our patients. Tree scales depict SNPs/site. d25 clusters containing patients from our cohort are marked in boldface. Complexes found
in our study were named in accordance with the method of detection: mabs_d125_complex1, mabs_d125_complex2, mmas_d125_complex1, and
mmas_d125_complex2. FFM, Frankfurt/Main.
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isolates within the d125 complexes that likely stem from a recent common ancestor.
However, according to our network analysis, patients within mabs_d25_cluster1 and
mabs_d25_cluster2 have never met in our hospital. In addition, we presume that
patients grouping in global clusters did not have social contacts with any of the
international patients. SNP distances between intrapersonal isolates were still significantly
lower than those between interpersonal cluster isolates, even in cases where intrapersonal
isolates were cultivated several years apart. Taking these findings together, it seems unlikely
that the d25 clusters represent direct transmission events.

It is important to note that, similar to previous genomic comparisons in M. abscessus,
the joint analysis of the 79 isolates was limited to the core genome. Therefore, we have
also tried to increase discrimination resolution by conducting cluster-specific analyses,
but cluster isolates kept close genetic relations.

Our study has several limitations. First, it is monocentric. Second, with 29 patients,
the number of investigated isolates is small. Third, we sequenced at most two isolates
from each patient; thus, the genetic variance over time could not be fully assessed.
Fourth, we did not conduct environmental sampling in our hospital. Thus, a possible
transmission in clusters by inanimate sources, such as surfaces, sinks, bronchoscopes, or
even spirometer machines, independent of personal contact, cannot be fully excluded.

Conclusions. This study delivers a first characterization of the genomic landscape of
M. abscessus isolates in a German tertiary care center and sets it in an international
context. In summary, we demonstrate that in the investigated M. abscessus isolates,

FIG 5 (A) Timeline showing hospital visits and stays on wards by all patients. Gray dots represent hospital visits, time points of cultured M. abscessus subsp.
abscessus, M. abscessus subsp. bolletii, and M. abscessus subsp. massiliense isolates are represented by blue dots, and hospital stays are represented by black
bars. (B) Heatmaps showing social interaction in all patients within one subspecies. The timelines and heatmap for mabs_d25_cluster1 and mabs_d25_cluster2
are bordered in red. For those complexes, we could not identify concurrent hospital visits before cultivation of the respective isolates.
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both Genotype NTM-DR and WGS were excellent methods for the prediction of
macrolide and aminoglycoside susceptibility and that macrolide resistance is a risk
factor for impaired culture conversion. We identified clusters with closely related
isolates and representatives of all three dominant circulating international clones, but
we found no cases of likely in-hospital transmission. Whether these findings can only
be related to our hospital or are applicable to the whole of Germany has to be
answered in the future with more extensive studies that include M. abscessus isolates
from other centers.
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